In this study a coaxial line was used to connect a microwave-frequency Network Analyzer and a base moving sample holder for dielectric characterization of ferroelectric materials in the microwave range. The main innovation of the technique is the introduction of a special sample holder that eliminates the air gap effect by pressing sample using a fine pressure system control. The device was preliminary tested with alumina (Al 2 O 3 ) ceramics and validated up to 2 GHz. Dielectric measurements of lanthanum and manganese modified lead titanate (PLTM) ceramics were carried out in order to evaluate the technique for a high permittivity material in the microwave range. Results showed that such method is very useful for materials with high dielectric permittivities, which is generally a limiting factor of other techniques in the frequency range from 50 MHz to 2 GHz.
Introduction
Requirement of high-speed data transmission has led to a rising interest in the gigahertz region and has prompted research for dielectric resonators at microwave frequencies 1 . This is particularly true in the case of phase shifters used to electronically command steerable phase array antennas, and where large phase variations for producing radar scans are necessary. Thus, the use of ferroelectric materials in phase shifters has increased the investigation of these materials in the microwave range 2 because its excellent ferroelectric and piezoelectric properties. Physical and dielectric properties such as relaxational and motional resonant mechanism can be investigated by analyzing the complex dielectric permittivity in a broad spectral frequency range (dielectric dispersion). For the study of orientational and relaxational polarization effects, automated measuring equipment, where some techniques using frequency response analysis (mainly by resonant cavity method) are usually applied and commercially available today.
The nature of the high frequency dielectric dispersion of ferroelectric ceramics in the range of 10 6 -10 9 Hz has been studied since 1940 3, 4 . Dielectric dispersion spectra provide the frequency regions where materials are useful for practical application 5 . Generally, at high frequencies the dielectric permittivity of ferroelectric materials is relatively low, facilitating their integration in microwave devices 6 . Microwave dielectric studies have been performed in a wide temperature range (300 K-900 K) 7 mainly by coaxial technique using the reflectometric method 8 . Reflection coefficients (Γ', Γ'': real and imaginary component, respectively) versus frequency are measured and the complex permittivity (ε = ε' -jε'') is obtained. Simple configuration geometry of the sample combined with a wide frequency range and temperature interval 9 are the most important advantages of this method. However, for high permittivity (ε' r >100), where ε' r =ε'/ε o is the relative dielectric permittivity, and high dielectric loss materials real and imaginary parts of the reflection coefficient become difficult to be measured 10 . The dielectric response is governed mainly by resonance effects of the system when continuous frequency methods are used, which lead to camouflage the real dielectric behavior of the sample under test. To the best of our knowledge, few works focusing continuous frequency method can be found in the literature 8 . The goal of this work is to provide an alternative technique for dielectric dispersion measurements in a mi-crowave range of high permittivity materials by adapting a special sample holder at the end of a coaxial line. Using this system the real and imaginary permittivities of lead titanate based ferroelectric ceramics were measured.
Experimental
Dielectric characterization was made using a Network Analyzer HP-8719C that is responsible for the generation and reception of a signal in the frequency range of 50 MHz to 2 GHz. Technical reason associated to our system configuration limited the accurated measurements to the frequency range of 50 MHz -2 GHz, although Network Analyzer HP-8719C can generate signal up to 13 GHz. Equipment setup are in progress to higher frequency measurements. In order to obtain the dielectric response of materials the reflectometric method was employed. The setup known by coaxial probe method is represented in the fig.  1a . The sample is kept at rest on the end terminal of the probe. However in the case of very high dielectric permittivity (ε' r >100) this method presents some disadvantages: a) with increasing frequency the modulus of the reflection coefficient Γ becomes close to 1 and its phase φ close to zero. Therefore they are difficult to be measured and the quality of the results largely depends on the initial calibration of the analyzer; b) air gaps formed between the sample and the inner/ outer conductors cause very large measurement errors when the sample is badly tooled and c-in high temperature range different thermal expansions of the sample and inner/outer conductors also can bring errors generated by the air gaps formation.
For reducing these limitations and successful characterize high dielectric permittivity materials an alternative coaxial line method was mounted. In this work a moving sample holder was adapted at the end of the coaxial line as shown in the Fig. 1b . The sample (4) is located at the center of the mobile base (8) of the sample holder (5) and coupled to the coaxial line (1) by threading the external fixer of the coaxial line (2) with the upper part (threaded) (9) of the sample holder. Adjusting the external fixer, the mobile base of the sample holder starts to move down while the sample holder is moving up. Thus, by adjusting the pressure, a better control of the sample position can be achieved in the coaxial line method. The pressure level is qualitatively controlled by using an adjusting pressure punch (6) coupled at the end of the sample holder. When the external fixer device is manipulated, the sample holder begins to turn along with the upper part of the adjusting pressure punch. The needle (7), fixed to the upper part of the adjusting pressure punch by an internal spiral spring, indicates the different positions corresponding to the different levels of pressure. A ring shaped metallic washer (3) is used to guarantee the inferior contact of the sample.
For determining the accurated dependence of the reflection coefficient parameters on the frequency, careful compensation procedure was carried out to account for spurious reflections that may result by transmission line discontinuities and also to eliminate the effect of the resistances and capacitances of the sample holder. Three different HP standard terminations (open, short and 50 Ω ), with reflection coefficients of 1,-1 and 0, respectively, were used in the measured frequency range. Therefore, reflection coefficients Γ' and Γ'' data, corrected for the line effects, were frequency scanned and automatically transferred from the network analyzer to the computer. The real and imaginary parts of the complex dielectric permittivity were determined by using the following relations 11 :
where f is the measuring frequency. A is determined by the characteristic impedance of the analyzer (Z o = 50 Ω) and the dimensions of the sample: as follow
where ε o is the dielectric permittivity of free space; r is the radius and, t, the thickness of the sample. A ferroelectric ceramic corresponding to the PLTM system (solid solution of lanthanum manganese modified lead titanate) and an Al 2 O 3 ceramic, with ε' r ≈ 240 12 and ε' r ≈ 8 13 , respectively, were used for the dielectric characterization in the range of 50 MHz to 2 GHz at room temperature. The Al 2 O 3 ceramic was chosen as reference material for the measurements. Air gaps at the interfaces between the coaxial line and sample were carefully controlled by an optimal sample polishing process, in order to guarantee parallel and flat faces. Alumina powder of 1 µm was used in this polishing process. Gold electrodes were deposited by sputtering on the faces of the discs with 2.0 mm in diameter and 0.5 mm in thickness to insure good electric contacts. Figure 2 shows the dielectric response of the alumina ceramic obtained at room temperature using the commercial coaxial probe method (Fig. 1a) . Results show very irregular dependence of the relative dielectric permittivities (real and imaginary parts) with the frequency in the whole range probably due to the air gaps. The air gap effect can be reduced by using the system of the Fig. 1b (coaxial line) , as described in the experimental procedure. As shown in Fig. 3 , the obtained data were characterized by high stability without resonant effects in the whole frequency interval. Also, real part of the relative dielectric permittivity was 8.5 that is in agreement with data reported previously [14] [15] [16] . These results confirmed that the system and calibration procedure are suitable for microwave dielectric characterization.
Results

Low permittivity measurement tests
Dielectric measurements of a ferroelectric ceramic
In order to evaluate our technique for high permittivity material measurements in the microwave range dielectric measurements were carried out in the PLTM ferroelectric ceramic. As followed for the Al 2 O 3 ceramic calibration procedures were performed with different pressure levels on the sample. Figures 4a and 4b show curves corresponding to two different pressures, Pa and Pb (Pa > Pb). Since low lanthanum content lead titanate samples are characterized by an absence of dielectric relaxation phenomenon 17 (frequency independent dielectric permittivity), for a temperature far away from the transition temperature, the obtained curve in Fig. 4b seems to better represent the PLTM dielectric response. This result confirm that there exist a minimum pressure on the sample for which the resonant effects of the system disappear and the dielectric measurements are just characterized by the dielectric response of the sample, without any additional effects that might camouflage the dielectric measurements.
For comparison, low frequency dielectric data measured by using an HP-4194A Impedance/Gain-Phase Analyzer (100 Hz-10 MHz) have been added to microwave results as shown in Fig. 5 . The smooth continuity in the values of real and imaginary parts of dielectric permittivity for low and high frequency confirms the accuracy of the results obtained at the microwave frequency range. Also, ε´r and ε´´r values are in agreement with those found in Ref. 12 . It is important to point out that an optimal control of the pressure adjustment should be guaranteed, specifically for relaxor ferroelectrics materials, because of the presented relaxation behavior. Piezoelectric resonance effects of the material may mask this dielectric relaxation behavior when high pressure levels are used. These resonant effects arise from the piezoelectric 18 phenomenon showed by the ferroelectric materials when a mechanical strain is applied by static pressure.
Conclusions
Preliminary results on microwave dielectric characterization using an adaptation of the sample holder in the reflectometric method, demonstrates that the technique can be very useful for the study of materials with relative dielectric permittivities higher than 100. Using this new system, characterized by a simple configuration geometry and the very small size of the sample is possible to obtain the temperature dependence of dielectric response in a wide range of microwave frequency, which was not possible at the moment by using the commercial coaxial probe method. 
